MD, FRS; for the Million Women Study Collaborators* Background--Some investigators have reported an excess risk of venous thromboembolism (VTE) associated with depression and with use of antidepressant drugs. We explored these associations in a large prospective study of UK women.
V enous thromboembolism (VTE; deep vein thrombosis and/or pulmonary embolism) is an important cause of potentially preventable morbidity and death in many countries, including the United Kingdom and the United States. 1 Depression is a common disorder. In England, the point prevalence of major depression in the 2007 National Psychiatric Morbidity Survey was 3.7% in women and 2.5% in men aged 16 to 78 years, 2 while the proportion of participants in the World Health Organization Mental Health Survey Initiative who had experienced a major depressive episode in the previous 12 months ranged from 2.2% (Japan) to 8.3% (United States). 3 Antidepressant drugs are one therapeutic option for the treatment of depression and anxiety, and some of these drugs are also prescribed for neuropathic pain, irritable bowel syndrome, and migraine prophylaxis. 4 The prevalence of antidepressant use in some populations is high; for example, the 2013 Health Survey of England found that antidepressants had been used in the previous week by 11% of women and 6% of men aged 16 years and older, 5 while the 2005-
2008 National Health and Nutrition Examination Surveys in the United States reported figures of 15% and 6% for females and males, respectively, aged 12 years and older. 6 A few studies have found a significant relationship between antidepressant use and VTE, 7-9 whereas others have not. [10] [11] [12] [13] In addition, 2 studies reported an association between depression and VTE risk, although only one investigated antidepressant use. 14, 15 It is therefore unclear whether a relationship exists between antidepressant use and VTE, and, if it does, whether it is due to the drugs or to the underlying conditions for which they are used.
To explore the relationships between antidepressants, depression, and VTE we linked questionnaire data about depression and regular use of antidepressants with hospital admissions and deaths attributed to VTE in a large UK prospective study, the Million Women Study.
Methods

Study Population
The Million Women Study is a prospective cohort study that recruited 1.3 million women between 1996 and 2001 through the National Health Service (NHS) Breast Screening Programme in England and Scotland. 16 At recruitment, women completed a questionnaire that collected information about medical and reproductive history, hormone use, weight, height, lifestyle, and sociodemographic factors. Women were sent a second study questionnaire, the 3-year re-survey, an average of 3.3 (SD, 1) years after recruitment, which enquired about conditions they were currently being treated for (including a question about depression or anxiety) and about medications used during most of the last 4 weeks. They were asked to indicate, using tick boxes, which of several listed medications (including "amitriptyline" and "Prozac") they had taken and to provide the names of any other medications they had used. Women were classified as antidepressant users if they ticked the amitriptyline or Prozac boxes, or if they recorded the names of other antidepressants. Antidepressant users were further classified as users of a tricyclic, a selective serotonin reuptake inhibitor (SSRI), or other antidepressants according to British National Formulary groupings. 4 Compound preparations containing a tricyclic or monoamine oxidase inhibitor antidepressant were included in the "other" group. Nonusers of antidepressants who reported taking antipsychotics, lithium and other drugs used to treat bipolar disorder, anxiolytics, or hypnotics (as categorized in the British National Formulary 4 ) were classified as users of other psychotropic drugs. Women were sent an 8-year re-survey questionnaire 4.3 (SD, 2) years, on average, after the 3-year re-survey and identical questions on amitriptyline and Prozac were asked. Reports of use of these drugs at the 3-and 8-year re-surveys were compared, to assess the persistence of use over time (study questionnaires can be viewed at www. millionwomenstudy.org/questionnaires/). The present analysis is based on the women who completed the 3-year re-survey questionnaire. Follow-up of all women in the cohort for deaths, cancer registrations, and emigration was achieved through linkage to the NHS Central Registers. In addition, admissions (as a day or inpatient) to NHS hospitals were identified by linkage to the English Hospital Episodes Statistics 17 and the Scottish Morbidity Records. 18 The data relating to each hospital admission included the dates of admission and discharge, main and secondary diagnoses (coded to the International 
Statistical Analysis
We excluded from the analyses women who reported a history of blood clots or treatment for blood clots in the recruitment or 3-year re-survey questionnaires, those who reported use of oral anticoagulants or low-molecular-weight heparin for any reason in the 3-year re-survey questionnaire, and those who had a hospital admission for VTE or a previous cancer registration (excluding nonmelanoma skin cancer) at any time before completion of the 3-year re-survey questionnaire, or if they had surgery in the 12 weeks before that date. Women were followed from the date they completed the 3-year re-survey questionnaire (referred to as "baseline" hereafter) until the earliest of the following: any (day or inpatient) surgery; a registered diagnosis of cancer; emigration, death, or other loss to follow-up in the NHS Central Registers; or the end of hospital and death record follow-up (December 31, 2014, in both England and Scotland). VTE events which resulted in hospital admission and/or death during follow-up were identified using the same approach as in our previous VTE analyses. [21] [22] [23] [24] Hazard ratios (HRs) of VTE, according to reported use of antidepressants and current treatment for depression or anxiety, were estimated using Cox regression models. Attained age, measured in days and incremented during follow-up, was the underlying time variable. The proportional hazards assumption was assessed using tests based on Schoenfeld residuals. There was a violation of the assumption for use of hormone therapy; however, when we repeated the analyses and stratified by hormone therapy use, the HRs were unchanged. All analyses were stratified by recruitment region and adjusted for body mass index (<25, 25-29, 30-34, ≥35 kg/m 2 ), smoking (never; past; current <5, 5-9, 10-14, 15-19, ≥20 cigarettes per day), alcohol consumption (none, <7, 7-13, ≥14 drinks per week), frequency of strenuous physical activity (rarely/never, ≤once, ≥once a week), hormone therapy (never, past, current), diabetes mellitus (yes, no), high blood pressure (yes, no), and deprivation (quintiles of Townsend deprivation index 25 ). An "unknown"
category was created for the adjustment variables to deal with missing values (data missing for <3% of women per covariate, except body mass index and alcohol consumption, for which the proportions of women with missing values were 8% and 13%, respectively). The values of all covariates were obtained from the 3-year re-survey questionnaire, with the exception of height (to calculate body mass index) and frequency of strenuous physical activity, which were both taken from the recruitment questionnaire. The risk of VTE was explored in 4 exposure categories: reported use of antidepressants; reported use of other psychotropic drugs; reported treatment for depression or anxiety, but no reported use of antidepressants or other psychotropic drugs; and no reported treatment for depression or anxiety and no reported use of any psychotropic drugs (the reference group). The primary analysis focused on the use of any antidepressant, while a secondary analysis explored the association between VTE and 3 separate antidepressant groups (tricyclic, SSRI, other). These analyses were also repeated in the subset of the cohort who were never smokers. Finally, a sensitivity analysis was undertaken to explore the risk of VTE in 2 groups of antidepressant users: those who reported concurrent use of other psychotropic drugs and those who did not.
All analyses were performed using STATA version 14.1 (StataCorp, College Station, TX).
Ethical Approval
The Million Women Study has approval from the Health Research Authority Cambridge South Research Ethics Committee (formerly Oxford and Anglia Multi-Centre Research Ethics Committee) and is sponsored by the University of Oxford. Access and linkage to medical records is provided by NHS Digital in England and the Information and Statistics Division of the NHS in Scotland. All participants gave written consent for inclusion and follow-up.
Data Access
Data and access policies for the Million Women Study are available on the study website, www.millionwomenstudy.org.
Results
A total of 734 092 women (mean age 59.9 years; SD, 4.9) were included in the present analysis after the exclusion of 117 313 women who responded to the baseline (3-year re-survey) questionnaire, but had a history of blood clots, hospital admission for VTE, current use of an oral anticoagulant or low-molecular-weight heparin, a cancer registration, or surgery in the 12 weeks before baseline. Overall, 50 354 (6.9%) women reported at baseline that they used an antidepressant for most of the last 4 weeks, of whom 29 901 (59.4%) also reported that they were currently being treated for depression or anxiety. In addition, 19 468 (2.7%) women reported use of other psychotropic drugs for most of the last 4 weeks, and a further 13 563 (1.8%) reported they were being treated for depression or anxiety, without use of any psychotropic drug (hereafter referred to as the "treatment/no drugs" group). The remaining 650 707 (88.6%) women reported neither treatment for depression or anxiety nor use of any psychotropic drug (hereafter referred to as the "no treatment/no drugs" group).
This baseline information on use of psychotropic drugs was collected between 1999 and 2005 (mean, 2002), at the 3-year re-survey. We assessed changes in use of 2 specific psychotropic drugs in the 569 744 women who answered identical questions about amitriptyline and Prozac at the 8-year re-survey, 4.4 (SD, 1.3) years, on average, after baseline. Among the 13 678 women who reported use of amitriptyline at baseline, 58.5% (7996) reported still using it 4 years later, whereas only 1.8% (10 239 of 556 066) of those who did not report use of amitriptyline at baseline reported using it 4 years later. Likewise, 43.4% (2914 of 6170) of women who reported using Prozac at baseline reported still using it 4 years later, compared with 1.2% (6655 of 563 034) of women who reported no use at baseline. Table 1 shows the characteristics of women at baseline, overall, and in relation to exposure status. The mean age was similar among the 4 groups. Women in the no treatment/no drugs group were less likely to come from the lowest socioeconomic tertile and were generally healthier than women in the other 3 groups, with the lowest proportions reporting that they were being treated for diabetes mellitus or hypertension; they were also less likely to be smokers, be inactive, or use hormone therapy. These differences were all statistically significant (P<0.0001). Overall, 3922 women had a hospital admission for and/or died from VTE during 5.2 million woman-years of follow-up (an average of 7.3 years of follow-up per woman; SD, 4.7).
The results of the primary analysis of VTE risk associated with depression and use of psychotropic drugs are shown in Table 3 shows the results of the analysis that explored the risk of VTE by class of antidepressant. Users of antidepressants from more than one class are excluded from this analysis. Most women who reported antidepressant use were taking tricyclic or SSRI products. All 3 groups of antidepressant users had significantly higher risks of VTE than women in the no treatment/no drugs group. The adjusted HRs for tricyclic, SSRI, and other antidepressants, respectively, were 1.32 (95% CI, 1.12-1.55; P=0.001), 1.40 (95% CI, 1.17-1.68; P<0.0001), and 1.61 (95% CI, 1.04-2.47; P=0.03). An analysis restricted to never smokers yielded comparable results.
Finally, a significantly increased risk of VTE was observed for both antidepressant users who did and did not report concomitant use of other psychotropic drugs. Compared with women in the no treatment/no drugs group, the HR for women who reported using antidepressants only was 1.30 (95% CI, 1.14-1.48; P<0.0001), whereas the HR for women who reported concurrent use of antidepressants and other psychotropic drugs was 1.86 (95% CI, 1.46-2.37; P<0.0001).
Discussion
In this large prospective study of UK women of an average age of 59.9 years, 6.9% reported that during most of the previous 4 weeks they had used antidepressants and 2.7% reported use of other psychotropic drugs during the 4-week period. Women who reported taking antidepressants had a 40% *Based on responses to 2 separate questions about: (1) "any medication use for most of the last 4 weeks," and (2) which conditions "you are now being treated for." † Includes women who did (n=29 901) and did not (n=20 453) report being treated for depression or anxiety and women who did (n=8011) and did not (n=42 343) report taking other psychotropic drugs.
higher risk of subsequently being admitted to the hospital for and/or dying from VTE than women in the no treatment/no drugs group. The increased risk of VTE was of similar magnitude for users of tricyclics, SSRIs, and other antidepressants, as well as for those using other psychotropic drugs. No significant increase in risk was found for the 1.8% of women in the treatment/no drugs group, although the power was low. Our results suggest that the women classified here as using psychotropic drugs are likely to be long-duration users, and that there is relatively little contamination by those starting use after baseline. Approximately 43% to 60% of the women who were asked specifically about use of amitriptyline and of Prozac 4 years after baseline reported still using the identical drug 4.4 years later, whereas fewer than 2% who were not taking these drugs at baseline reported taking them 4 years later.
Findings in Relation to Previous Studies
Although the 6.9% of women who reported at baseline, on average in 2002, having taken antidepressant drugs during most of the previous 4 weeks is lower than the 16% point prevalence for women aged 55 to 64 years reported for 2013 by the Health Survey of England, 5 the difference is likely to reflect, at least in part, the different questions that were asked. Our question about drug use during most of the previous 4 weeks would not include short-duration users, but this exclusion is an advantage for studying of the effects of psychotropic drugs on VTE risk. That a sizeable proportion of women who reported taking an antidepressant did not report being treated for anxiety or depression, and similarly that not all women who reported they were being treated for depression or anxiety reported use of antidepressants, is consistent with previous US and UK research. [26] [27] [28] Many previous studies reported findings consistent with ours, although the CIs in some studies were wide. Of 5 studies with prospectively collected exposure information, 7-11 a significant relationship between antidepressant use and VTE was reported in 3 (which was largely confined to users of tricyclic products), [7] [8] [9] and the findings from one other was consistent with our findings, with wide CIs. 11 The fifth study found no association, 10 but the comparison group included patients taking thyroid replacement hormones, patients with a history of VTE or cancer were only excluded if diagnosed in the 36 months before cohort entry, follow-up was not censored at cancer diagnosis or surgery, and no adjustment for body mass index, smoking, or physical activity was performed. Of 2 studies with retrospectively collected exposure data, 12,13 the results of one were consistent with our findings, 12 while the other found no association, 13 but controls were drawn from the same hospital wards as the cases and participants were classified as users of antidepressants only if they had taken them in the week before admission-both of which might have resulted in an underestimation of risk. Two other studies with prospectively recorded exposure data reported an apparent relationship between depression and VTE.
14,15 A Norwegian study found a 1.6-fold risk of subsequent VTE in participants who reported they had often felt depressed in the previous 2 weeks, compared with those who had not; however, antidepressant use was not included in the analyses. 14 A record linkage study in Taiwan found that participants with depression had a significant 1.4-fold risk of subsequent VTE compared with those without depression, and that there was no significant difference in risk by antidepressant user status, although the researchers were unable to adjust for several important risk factors for VTE. 15 The focus of the present analysis was on antidepressants, but we also found a significantly increased risk of VTE associated with use of other psychotropic drugs, which is consistent with findings from the previous reports that examined this association. 7, [11] [12] [13] 29, 30 
Strengths and Limitations
A key strength of this study is that we had information both on depression and on regular use of antidepressants. This, along with the large number of participants and incident cases of VTE, meant that we could examine reliably the risk of VTE in women who reported antidepressant use and, separately, in women who reported being treated for depression or anxiety but did not report the use of any psychotropic drugs. The linkage of questionnaire data with hospital admission, cancer registration, and death and emigration records allowed us to exclude women with a history of VTE, cancer, recent surgery, or treatment with anticoagulants at baseline; provided information on important potential confounders; and enabled virtually complete follow-up for hospital admissions and deaths. A high degree of accuracy in the linkage between NHS data sets has been reported, 18 as has the identification of Million Women Study participants and the reliability of VTE diagnoses within those data sets. 31 Furthermore, cause of death information was available for 99.9% of women who died during follow-up. There are several features of the study that require further discussion. Antidepressant exposure was that recorded at baseline. If, as was suggested by one investigation, 9 the risk of VTE is highest in new users during the first few months of use, the present study may have underestimated the risk in women who reported taking antidepressants if a large proportion were likely to be long-term users. Similarly, misclassification of exposure status during follow-up might have resulted in some underestimation of long-term risk, given that 43% to 60% of women who reported using amitriptyline or Prozac at baseline were still using these drugs 4 years later and, conversely, fewer than 2% of women who were not using these drugs at baseline were doing so 4 years later. We were unable to distinguish between women being treated for depression and those being treated for anxiety; however, these conditions often coexist and antidepressants are prescribed for both disorders. 4, 28 Although uncomplicated deep vein thrombosis was increasingly treated in community and outpatient settings during the study period, 32, 33 an earlier validation study found that only a small proportion of VTE events among participants in the Million Women Study were treated solely in general practice. 31 Hence, it is likely that we identified virtually all of the serious cases of deep vein thrombosis and pulmonary embolism.
It is unclear whether the increased risk of VTE we observed in women taking antidepressants reflects a pharmacological effect or some other factor associated with depression or anxiety, as an excess risk was observed for chemically diverse classes of antidepressants including SSRIs which have been reported to inhibit platelet function. 34 We were able to explore potential confounding by a number of major risk factors for VTE, including comorbidities such as inflammatory bowel disease, although we did not have information about factors such as thrombophilia and family history. However, antidepressant use was not a confirmed risk factor for VTE during the study period so it seems unlikely that prescribing would have been influenced by the presence of these risk factors. We cannot rule out some residual confounding by immobility; we censored follow-up at first surgery (and, therefore, all major trauma that required surgical treatment) and adjusted for frequency of strenuous physical activity at recruitment, but we did not include additional information about immobility subsequently. However, if depression-related immobility was driving an increased risk of VTE, we might have expected to find a similarly elevated risk in women who reported being treated for depression or anxiety and did not report use of antidepressants or other psychotropic drugs.
Conclusions
Depressive disorders were an important cause of years lived with disability in the 2010 Global Burden of Disease Study. 35 Antidepressants are used to treat depression, anxiety, and various pain-related conditions, and the utilization of these drugs has been increasing in the United Kingdom, United States, and elsewhere. 27, 36, 37 National quality standards in the United Kingdom, which recommend that people who may have depression are assessed to determine the severity of the condition and identify appropriate treatments, 38 and a national objective to increase the proportion of US adults with major depressive disorders who receive treatment, 39 may lead to further increases in antidepressant use.
